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1.* INTRODUCTION

This manual is divided into two parts. Section 2 constitutes the user

section, describing the overall flow of the codes, input data requirements,

and parameter relations. At the end of the section, a series of sample

problems is given to illustrate the use of the codes. Sample problem 1

exercises all parts of the computer algorithm and serves as a check case for

the installation of the codes on a given machine. Section 3 provides a

detailed description of all the codes and subroutines. The user need not

make reference to Section 3 or to the analysis in Volume I of this reporc to

successfully install and execute the algorithm on a particular computer

system.

A brief synopsis of the main program features and options are listed

below:

Flexible body Iteometry - The algorithm can treat a finite-length DOT of any

asymmetric cross section. The analysis assumes that the body is open on the

ends. Certain degenerate forms of the BOT configuration have also been

analyzed with this algorithm such as flat plates, parabolic and square

cylinders.

Arbitrary antenna placement and excitation - The algorithm treats single or

multiple rectangular aperture (slot) antennas embedded in the BOT surface.

Location of the antennas can be anywhere on the BOT. Spacing between adja-
cen aetres can be electrically small. All apertures can be asymetric.

Surface crrents - The algorithm outputs the surface currents on the DOT sur-

face in spatial and modal form. Both the magnitude and the phase of the t-

and z-directed components are given.

Choice of polarization and radiation planes The radiated fields and the

power gain, normalized to an isotropic radiator, are given in the user-

specified planes for o and polarization.

A J' im n
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Arbitrary choice of sampling points for near fields - The electric and

magnetic fields (six components in all) resulting from currents induced by

antennas on the BOT or by incident fields are computed at user-specified

points in the vicinity of the BOT surface.

Calculation of aperture-coupled fields - All the field components for the

electromagnetic waves penetrating a passive rectangular aperture on the BOT

are computed at user-specified sampling points. The size and location of

the aperture 'are also user specified.

The foregoing features of the algorithm are demonstrated in the sample

problems of Section 2.6. These features have been tested, and the corre-

sponding results are in good agreement with available data. As in all

modeling, caution must be exercised in applying this analysis to certain

problems such as the computation of the edge diffraction from the BOT ends

and the fields coupled through small apertures. To achieve sufficient

accuracy, a large number of modes may be necessary in these problems.

i:
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2. USER SECTION

The 14M/BOT computer codes are written in FORTRAN IV, consisting of five

main-line programs (i.e., BOTZSS, BOTINV, BOTRA, BOTSCH, and BOTSCB) and one

small utility program (BOTSEG) as shown in Figure 1. The five main-line

programs use the same coordinate data file with minor deletions, depending

on which of the above programs are run. In addition, two binary disk files,

ZBOT and YBOT, are generated by the programs BOTZSS and BOTINV. All the

programs have user-oriented inputs, which can be easily generated for a given

problem. Examples demonstrating the input data requirements are discussed in

Section 2.6.

2.1 Implementation of Computer Codes

All of the BOT computer codes are written in USA Standard FORTRAN IV,

with the exception of end-of-file (EOF) checks in programs BOTINV, BOTRA,

BOTSCM, and BOTSCB. The EOF checks given in the listings in Appendix C are

specific to the compiler used in the program development (i.e., CDC CYBER 175

system). The functioning of the BOF checks in the present listings is as

follows:

IF (EOF(u)) a,b

u - unit number to check.

a - statement label to branch to if an EOF is encountered.

b - statement label to branch to if an EOF is not encountered.

This EOF check occurs in the listings (Appendix C) at the following

places:

BOTINV line numbers 480, 1310, and 1870

BOTRA line number 1500

BOTSCM line number 1300

BOTSCB line numbers 1330, 2125, 8310, and 8970

The device unit numbering convention is as follows:

,: unit number 5 - card reader

J6. unit number 6 - line printer

unit number 1 - binary input disk file containing alternating

records of lengths 2 and 2(NP-3)2 words, respec-

tively. NP is the number of data points describing

the BOT generating curve discussed in Section 2.2.

3
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Program block Program function

BOTSEG Segments SOT generating curve (optional)

Coordinate SOT input data file for the remaining programs
data file

Computes Zmn submatrices for
BOTZSS O-<m<NMODE-1and- m~n~m

(Section 4, Volume 1)

ZBOT Partial ZBOT matrix, stored by submatrices

Fills the ZBOT matrix using mode-dependent
BOTINV symmetries and inverts ZBOT

(Section 4.5. Voluffe 11

YBOT Inverted ZBOT matrix, stored by submatrices

Computes far- and near-field radiation
BOTRA(Sections 5 and 6, Volume I)

BOTSCMComputes monostatic RCS
BOTSCM(Section 5. Volume 1)

Computes bistatic RCS, aperture penetration,
BOTSCB and near-field analysis.

(Sections 5.6, and 7. Volume 1)

Figure 1. Overall flow diagram for MMIBOT algorithm.

4
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unit number 2 - binary output disk file containing alternating

records of lengths 2 and 2(NP-3)2 words, respec-

tively.

2.2 BOTSEG Description

BOTSEG is a utility program, which can be used to segment the BOT gene-

rating curve using a limited set of data points (see coordinate geometry in

Figure 2). The required input data and formats are described below.

Arc of radius a

0 a
0 1 2 3 4

Figure 2. Representation of a SOT with a cross section
formed by a wedge and arc sgment.

READ(5 ,1)NPTS,NP

1 FORMAT(213)

NPTS - Number of input data points used to describe the BOT gene-

rating curve.

NP - Number of equally spaced BOT generating curve data points to

be calculated. (The calculated data are used as input to the

remaining BOT programs.)

DO 100 I 1, NPTS

100 READ(5,2)XTAB(I) ,YTAB(I),XC(I),YC(I)

2 FORMAT(4E10.4)

XTAB(t) - x coordinate of the I-th point on the input curve

(meters).

YTAB(I) y coordinate of the I-th point on the input curve

(meters).

XC(I),YC(I) - (meters) Indicate whether the points [XTAB(I),

4+ YTAB(I)] and [XTAB(1+),YTAB(I+)] are connected by a

straight-line segment or an arc with changing radius.

If XC(I) - YC(I) - 0, the segment is straight. Other-

wise, [XC(I),YC(I)J is assumed to be the center of an arc

5
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with the above end-points, where the radius changes

linearly with angle from [XTAB(I),YTAB(I)J to [XTAB(I+I),

YTAB(I+l)], subtending the angle of the triangle formed

*by the three points. Note, if the three points are

colinear, the direction of the arc will be clockwise.

For example, consider a cylinder with a cross-section given in Figure 2.

The generating curve for this body can be represented with three points

(NPTS - 3) as follows:

0 0 0 0

3 1 3 0

4 0 0 0

BOTSEG is currently dimensioned to handle 100 points on the input curve

and 83 points on the output curve. The NP data points used to represent the

BoT generating curve determines the location and number of triangle functions

and its derivatives (denoted by arrays T and TP in the codes), used to discre-

tize the unknown currents on the BOT surface. As an example, Figure 2b shows

a portion of a BOT generating curve defined by points T, T2, T3 . . . Ti with

the triangle functions centered at T3, T5, etc. Note the triangle functions

span five data points, with adjacent functions overlapping each other.

i~~i, I73  74 T " "

A.1. V22
IT
: J ! i Figure 2b. Triangle functions on SOT surfscm,

2.3 Input Data Description and Formats

A detailed description of the input data required by the five main-line

MM/BOT codes is provided below. READ statements and formats are listed in

the order in which they appear within the programs, followed by a description

of the required data for each of the main-line MM/BOT codes.

6
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2.3.1 Primary Data Set

This data set is read and required by all the programs.

READ(5,1)NMODE

1 FORMAT(13)

NMODE - Number of non-negative modes to be considered (i.e., there

will be 2*NMODE-1 total modes).

READ(5,2)NPT,NBAND

2 FORMAT(213)

NPT Number of diagonal bands to be used in each Ztt t

ZtZMn and 1Zn submatrix. NPT-l indicates that only the

diagonal terms are nonzero in each submatrix, NPT-2 indi-

cates that only diagonal and off-diagonal terms are non-

zero, etc. If NPT > (NP-3)/2, each submatrix is full,

where NP is described below.

NBAND - Number of submatrix diagonal bands to be used during the

inversion of ZBOT. NBAND-1 indicates that only the

diagonal ZM,n submatrices are to be used during inversion.

NBAND-2 indicates that diagonal and off-diagonal Zmn sub-

matrices are to be used, etc. If NBAND > 2*NNDDE-1, the

entire ZBOT matrix is inverted.

READ(5,3)NP,MC,BK

3 FORMAT(213,E14.7)

NP - Number of points used to describe the BOT generating curve.

(NP must be odd.) If the BOT generating curve is closed

(i.e., the first and last points coincide), the programs will

increase NP by two and add two points to the generating curve

(i.e., the YR and XHU arrays described below). This new NP

should be used in all definitions involving NP (i.e., dimen-

sions, etc.).

MC - Number of terms to be used in the numerical integration of the

Green's function [Equation (34) of Volume I].

BK - Wave number for the problem (meters
-1).

READ(5,4) (YH(I) ,I-l,NP)

4 FORMAT(10F8.4)

YH - Array of y coordinates for the generating curve (meters).
READ(5,5) (XH(I) ,I-l,NP)

7
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5 FORMAT(lOF8.4)

X11 - Array of x coordinates for the generating curve (meters).

READ(5,6)L

6 FORMAT(F8.4)

L - Half length of the BOT (meters).

2.3.2 Scattering and Radiation Analysis Data Set

This data set is read by the BOTRA, BOTSCM, and BOTSCB programs. Addi-

tional data ate required by some of the above programs as specified later.

READ(5,7)NANGNT ,PHII ,THI

7 FORMAT(213,2F8.4)

NANG - Number of fixed radiation or scattering angles, as defined

by IPLANE below. NANG radiation or scattering patterns will

be calculated.

NT - Number of varied radiation or scattering angles, as defined

by IPLANE below.

PHII - angle of incident wave (degrees). Used only in BOTSCB

program.

THI - 6 angle of incident wave (degrees). Used only in BOTSCB

program.
, e, READ(5,8) (ANG(I), T-I ,NG)

8 FORMAT(10F8.4)

ANG - Array of fixed radiation or scattering angles, as defined by

AIPLNE below.

READ(5,9) (IPLANE(I),I-l,NNG)

9 FORMAT(1018)

IPLANE - Array indicating whether the corresponding element of

array ANG is a 0 or e angle. IPLANE(I)-l indicates that

ANG(I) is a fixed 0 angle. In. this case, * is fixed at

ANG(I) and 8 varies between 00 and 180" at NT equally

spaced angles. (The only exception is program BOTSCM,

where 8 varies between 0" and 90" at NT equally spaced

angles.) IPLAE(I)-2 indicates that ANG(I) is a fixed e

angle. In this case, e is fixed at ANG(I) and * varies

between 0 and 180%

8



2.3.3 Antenna Related Data Set

This data set Is read only by the BOTRA progam and should be deleted

when running the BOTSCB program.

RBMA(5,l0)NSA

10 FORNAT(13)

NSA - Number of slot antennas on the BOT.

READ(5,11) (IS(K),K-lISA)

11 FORNAT(1018)

IS(K) - Triangle function at which slot antenna K is located

(centered).
READ(5,12) (Z0(K) ,K-1,NSA)

12 FORR4T(1078.4)

ZO(K) - Starting Z coordinate for antenna K (meters).

RRAD(5,13) (Z1(K) ,K'1,NSA)

13 FORMAT(10F8.4)

Z1(K) - Ending Z coordinate for antenna K (meters). (ZO(K) <

Zl(K) for all K.)

* READ(5,14)(EO(K),K-1,NSA)

14 FORMAT(10F8.4)

EO(K - Constant excitation across slot antenna K (Equation (59)

of Volume 1]. (EO(K) is complex.)

* READ(515)(TEXC(K),K-l.NSA)

15 FORHAT(10F8.4)

TEXC(K) - Indicates t excitation on slot antenna K when TEXC(K) 0. o

This is the (U term in Equation (47) of Volm 1.

READ(5,16) (ZEXC(K) ,K-l,NSA)

16 FORMT(10F8.4)

J, I ZEXC(K) - Indicates z excitation on slot antenna K when ZEXC(K) 0.

This is the (U )i term in Equation (47) of Volume 1.

2.3.4 Aperture Analysis Data Set

This data set is read only by the BOTSCB program and should be deleted

when running the BOTRA programs

REA(5,17)ZO,Zl,YO,XO,Yl,Xl

, 49



17 FONMAT(6F8.4)

ZO - Starting z coordinate for the aperture (meters).

Zi - Ending z coordinate for the aperture (meters). If ZI < ZO, an

aperture is not present, and the remaining parameters in this

data set are ignored.

YO - Starting y coordinate for the aperture (meters).

XO - Starting x coordinate for the aperture (meters). If the start

of the aperture is on generating curve segment I, the point

(XO,YO) should be approximately on the line segment Joining

(XH(I),YH(I)) and (XR(I+1),YH(I+)). To be specific, XO must

lie between XH(I) and XH(I+1), and YO must lie between YH(I)

and YH(I+1).

Yl - Ending y coordinate for the aperture (meters).

Xl - Ending x coordinate for the aperture (meters). If the end of

the aperture is on generating curve segment J, the point

(Xl,Y1) must satisfy the same conditions as (XO,YO) above

with J replacing I. The aperture is assumed to start at

(XO,YO) and extend to (Xl,Yl) in the t direction (i.e., in

the direction of the generating curve). If the aperture does

not cover the peaks of at least two triangle functions, the

program will print an error message and stop execution.

2.3.5 Near-Field Analysis Data Set

This data set is read by the BOTRA and BOTSCB programs.

READ(5,18)NTEST

18 FORMAT(13)

NTEST - Number of test points at which near-field radiation or

scattering is to be calculated. NTEST may be set to zero.

Repeat the following NTEST times:
READ(5 ,19)ZTESTYTESTXTEST

19 FORMAT(3F8.4)

ZTEST - z coordinate of the test point (meters).

YTEST - y coordinate of the test point (meters).

XTEST - x coordinate of the test point (meters).

.10
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2.4 Parameter Selection

The choice of most of the parameters in Section 2.3 is specified by the

user depending upon the explicit requirements of the problem. For example,

NSA is set by the number of slot antennas on the BOT. Similarly, BK is

determined by the frequency at which the MK/BOT analysis is carried out. On

the other hand, the choice of the parameters NP, MC, and NMODE is based upon

the requirements of the MM/BOT theory, as explained below.

The parameter NP specifies the number of coordinate points used to

describe the BOT generating curve in the t-direction. These points in turn

define the segmentation (strips) of the BOT surface. In general, the sepa-

ration of the points should not exceed 0.15 X. If the BOT has a rapidly

changing surface geometry with sharp curvatures, a higher density of points

may be necessary. The resulting number of triangle functions used to expand

the surface currents on the BOT is determined by NM - (NP-3)/2. Since at

least one half of a triangle function should subtend an active aperture

antenna in BOTRA and at least two triangle functions must intercept a passive

aperture in BOTSCB, the value of NP is specified by these conditions as well

as the strip width. As a general principle, the accuracy of the analysis is

improved by increasing NP.

*The parameter MC is used in the numerical evaluation of the integrated

Green's kernel G n (Equation (26) in Volume 1). A necessary condition for

the approximations used in obtaining Gmn is that MC > 8(NNODE-1).

The parameter NMODE is set by the length of the BOT. In general, the
. ..- minimum requirement is that NMODE >" 2L/X, where L is the (axial) half-length

of the BOT. This requirement is comparable to the MM/BOR analysis require-

ment that the maximum circumferential modes used be n ' ' wD/X, where D is the

largest diameter of the BOR. As a general observation, the accuracy of the
analysis increases and the spatial resolution of the surface currents on the

BOT is improved as NMODE is increased. This is particularly true for the

edge currents. However, practical computer main memory limitations usually

set the upper limit on NMODE.

11
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2.5 Program Dimensions

The M /BOT programs (Appendix C) are currently set up to handle problems

with the following set of parameters. (Some of the arrays are overdimen-

sioned in the listings.)

NHODE < 4

NBAND < 2*NMIDDE-l

NP < 19 (17 for a closed generating curve)

MC < 50

NANG < 6.

NT < 91

NSA < 20

NAM < 12 (NAM is the number of triangle function peaks subtended by an

aperture).

For a different set of input parameters, the minimum dimensions required

for each program are listed below. Table 1 contains definitions of the

parameters used as the subscripts in the arrays enumerated in the dimension

statements.

TABLE 1. DEFINITION OF DIMENSION STATEMENT INDICES

Parameter Definition

LS NP-3
MC Input
NAM Number of triangle function peaks subtended by

an aperture
• ",NANG Input

NM (NP-3)/2
NMODE Input
NP Number of points on the generating curve (input).

If the curve is closed, use NP+2 in place of NP in
all definitions.

S.NSA Input
NT Input

'*". BOTZSS Minimum Dimensions

COMPLEX Z(LS*LS) ,G((NP-1)*NP/2)

DIMENSION YH(NP),XH(NP),DH(NP-l)

DIMENSION SV(NP-1) ,CV(NP-1) ,XS (NP-1) ,YS (NP-i)

12



DIMENSION UMN(MC),JC(4)

7 DIMENSION TP(4*NM),T(4*NM),TZ(4*NM)

IOTINV Minimum Dimensions

DIMENSION YH(NP) *XH (NP)

COMPLEX Z(Kl) ,ZI(K2) ,WORK(K3)

DIMENSION NZ(K4)

COMM4ON NM,JK(4) ,LR(K5)

where Ki through K5 depend on NEAND and are defined below.

NBAND 2 <2*NMODE-l 22*NMODE-1
Ki 0 LS 2* j(2*NMODE-l) 1LS*(2*NMODE-l) I

2*(2*NBAHJD-l) -(NBhND.4)*HAKD1

K2 LS2  LS 2 * (2*NMODE-l) LS2

K3 10 LS 0

K4 0 2*NMODE-l 0

K5 LS LS LS* (2*NMODE-l)

BOTRA Minimum Dimensions

DIMENSION IS(NSA) ,ZO(NSA) ,Zl(NSA) ,TEXC(NSA) ZEXC(NSA)

COMPLEX EO(NSA)

COMPLEX VK(LS) ,VN(LS)

COMPLEX GT(NT),GP(NT)

COMPLEX ESC(3) ,HSC(3) ,CUR(LS*(2*NMODEl))

COMPLEX Y(LS*LS) ,RT(LS) ,RP(LS)

* COMMON/BODY/DH(NP-l) ,R(NP-l),SP(NP-l) ,CP(NP-l) ,SV(NP-l) ,CV(NP-1),

BK,L,NP,T(4*NM) ,TZ(4*NM)

COMW)N/TEST/MC,GAMMA,TP(4*NM) ,XS (NP-i) ,YS (NP-i)

~t44 DIMENSION YH(NP) ,XH(NP) ,THR(NT) ,PHIR(NT)

DIMENSION ANG(NANG) ,IPLANE (HANG)

Subroutine PLANE dimensions are as follow:

COHMMN/BODY/DH(NP-l) ,R(NP-l) ,SP(NP-l) ,CP(NP-l) ,SV(NP-l) ,CV(NP-l),

BK,L,NP,T(4*NM) .TZ(4*NM)

Subroutine NEARB dimensions are as follows:

COMPLEX G(NP-l) ,HO (NP-i) ,Hl(NP-i)7

'k, BKL,NP,T(4*NM) ,TZ(4*NH)

COMVONTESTIMC , GAMM4A,TP (4*iiM) ,XS (NP-i) ,YS(NP-l)

13



BOTSCM Minimum Dimensions

COMPLEX STT(NT) ,SPP(NT) ,STP(NT) ,SPT(NT)

COMPLEX Y.T(LS) ,YP(LS)

COMPLEX Y(LS*LS) ,RT(NT*LS) ,RP(NT*LS)

COHMN/BODY/DH (NP-i) ,R(NP-1) ,SP (NP-i) ,CP (NP-i) ,SV(NP-1),*CV (NP-i),

BK,L,NP,T(4*NM) ,TZ(4*NM)

DIMENSION YH(NP) ,XH(NP) ,TNS(NT) ,PIIS (NT)

DIMENSION ANG(NANG) ,IPLANE(NANG)

Subroutine PLANE dimensions are given under BOTRA dimensions.

BOTSCB Minimum Dimensions

COMPLEX STT(NT) ,SPP(NT) ,STP(NT) ,SPT(NT)

COMPLEX ESCT(3) ,HSCT(3) ,CURT(LS*(2*NMODE-i))

COMPLEX ESCP(3) ,HSCP(3) ,CTJRP(LS*(2*NMODE-i))

COMPLEX Y(LS*LS),RT(LS),RP(Ls)

COMMON/BODY/DH (NP-i) ,R(NP-1) ,SP (NP-i) ,CP (NP-i),*SV (NP-i) ,CV(NP-1),

BK,L,NP,T(4*NM) ,TZ(4*NM)

COI4KON/TEST/MC,GAMM,TP(4*NM) ,XS (NP-i) ,YS (NP-i)

COlMN/S/LT (NAM) ,VLOW(MAM) ,VHQI (NAM) ,IT (NAM)

DIMENSION YH(NP) ,XH(NP) ,THS (NT) ,PHIS(NT)

DIMENSION ANG(NANG) ,IPLANE(NANG)

Subroutine PLANE dimensions are given under BOTRA dimensions.

Subroutine NEARD dimensions are given under BOTRA dimensions.

Subroutine ASYMAC dimensions are as follows:

COMPLEX YA(NAM*NAM) ,CAT (2*NAM) ,CAP (2*NAM) ,EVT (2*NAM) ,EVP (2*NAM)

DIMENSION FPP(3,NAH)FPPZ(3,NAM) ,LR(2*NAM)

COtOMN/S/LT(NAM) ,VLOW(NAM) ,VHGH(NAM) ,IT(NAM)

4" Subroutine APPAR dimensions are as follows:

COMKON/S/LT (NAM) ,VLOW(NAM) ,VHGH (NA), IT(NAH)

2.6 Sample Problems

In this section, four sample problems are considered to illustrate the

use of the MM/BOT algorithm. Sample problem 1 exercises all the main-line
programs given in Figure 1. The inputs, outputs, and selected intermediate

results are reproduced here to provide a check case for the proper function-
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ing of the codes. Problem 2 demonstrates the radiation analysis for aperture

antennas embedded in an asymmetric BOT (i.e., wing section). Problem 3 con-

siders the scattering from a square cylinder of finite length. Finally,

problem 4 demonstrates the use of the codes to compute the aperture-coupled

electric and magnetic fields inside a BOT, approximating a fuselage equipment

compartment when subject to electromagnetic illumination.

2.6.1 Problem la

Consider a right-circular cylinder of 2.76 X length and 0.216 X radius,

with an embedded -polarized aperture antenna at * = 00. The aperture is

fed uniformly, subtends a 450 opening, and is 2.06 X long in the axial direc-

tion (see Figure 3a).

a) Calculate the power gain patterns in the horizontal (0 - 0, 180*)

plane and the roll (6 - +900) planes in the 6 and * polarizations.
b) Compute the currents on the cylinder surface.

c) Compute the electric and magnetic field components (near fields) at

test points on a line bisecting the aperture, i.e., at XTEST -

14.256, 19.44, 71.28, 150, and 300 m where the corresponding

YTEST = ZTEST - 0.0.

:;-" *: 2-06A/

2.6'

Figure 3. Slotted cylinder for problem 1.
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Solution,- The problem was solved by running the programs BOTSEG, BOTZSS,

BOTINV, and BOTRA in sequence. The calculations were carried out at 10 Oz

30 m). The cylinder was represented by NP - 17 points around the cir-

cumference.

Execution of BOTSEG is shown in Figure 3b, together with the data file

for the coordinates of the problem and a plot of the NP data points and

triangle functions for the cylinder cross section. (Note Figure 3b was

generated in a, time-share mode. The question marks at the beginning of each

line are prompt signs used in the time-share mode.) The generated file was

used as the basic input file for the programs BOTZSS, BOTINV, and BOTRA. Four

modes were used in the calculations, i.e., NMODE = 4. Partial listings of the

inputs and outputs from these programs are shown in the subsequent figures.

Specifically, the input data for execution of the programs are given in Figure

4. For reference, the variable of the data set are labeled with the appli-

cable format statements in parenthesis. Note the aperture coincided with the

fourth triangle function (IS - 4) and only one triangle function was used to

span the aperture (NSA - 1). If a non-uniform aperture excitation is desired,

then more triangle functions should be used to span the aperture each with a

different E . Partial outputs from BOTZSS, BOTINV, and BOTRA are shown ino

Figures 5, 6, and 7, respectively. The radiation power gain for the slotted

cylinder for the horizontal and roll planes normalized to an isotropic radia-

tor is summarized in Figure 7b. (The comparison of these results with the

MK/BOR analysis is given in Figure 10 of Volume I.) Partial output of the

currents on the cylinder is plotted in Figure 7c. The electric and magnetic

fields computed in the near-field analysis are listed in Figure 7d. (For fur-

ther discussion of these results, see Section 8 of Volume I.)

The foregoing calculations were carried out at 10 Mz. If the dimen-

sions of the body (BOT) and the antenna are given initially in terms of

wavelength, any convenient frequency can be chosen in the setup procedure for

carrying out the computations. If the data are to be compared with range

measurements at a given frequency, for ease of data interpretation, the

calculations are also done at that frequency.

16
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i + , ,

RNH BOTSEG
? 317 (23)
? 0.0 0.0 6.48 0.0'
?12.96 0.0 6.48 O.0 (4EI04)
? 0.0 0.0

PERIMETER = 40.7150

NP a 17

0.0000 2.4798 4.5821 5.9867 6.4800 5J867 4.5821 2.4798 0.0000 -2.4798

-4.5821 -5.9867 -6.4800 -5.9867 -4.5821 -2.4798 0.0000

XH

0.0000 .4933 1.8979 4.0002 6.4800 8.9598 11.0621 12.4667 12.9600 12.4667

11.0621 8.9598 6.4800 4.0002 1.8979 .4833 0.0000

BODY COORDINATES + INDICATES TRIANGLE PEAK

6.4800 1 + I
6.0480 1 * 2 * I
5.6160 1 I
5.1840 1 I
4.7520 1 + + I
4.3200 1 1 3 I
3.8880 1 1
3.4560 1 1
3.0240 1 1
2.5920 1 * * I
2.1600 1 I
1.7280 1 1
1.2960 1 1
.8640 1 I
.4320 1 1
.0000 1+8 4+1

-. 4320 1 I
-.8640 1 I

-1.2960 1 I
-1.7280 1 1
-2.1600 1 1
-2.5920 1 * * I
-3.0240 1 I
-3.4560 1 I-3.8880 1

-4.3200 1 7 5 1
-4.7520 1 + + I
-5.1840 1 I
-5.6160 1 1
-6.0480 1 • 6 1 1
-6.4800 1 + I

YH/XI 1 1 1 1 1 1

STOP 0.0000 2.5920 5.1840 7.7760 10.3680 12.9600GPf1lO411.4S

Figure 3b. Execution of BOTSEG for problem 1, with triangle functions numbered on the plot.
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-:If-I:S111f:JIM -6:M -I:l -:t # -:9141 :6SMo 2.41900 .0,

XH
10:0000 18909 4:0002 6.4800 :"94 110.1 124661 1290060 12 4667
110021 6.95 9 60600 4 0001 100979 04933 O0

BOoY COORINATES t INDICATES TRIANGLE PEAK

1:4!;lu;' i 4

::1li •Ii,

:31 1a . 20

-49 160

06

::1,1 I. .

V" I

0i i I29 '

:u.a I I0.0000 2.5920 5.1O40 1.1100 10.3060 olO

H ALF-L.ENGTH OF SOT' u 41.4000

" Figure 5.. Partial output of BOTZSS for problem la.
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NIP U42DE NBAND

1?4 4 0 0 I

11:Sff? $:'9#11 1:'48109 44: SS t:40310 8:94993 11:8811 I2.466? Ilet I.40

THE MINIMUM SOTINV ARRAY DIMENSIONS FOR THIS
PROBLEM ARE AS FOLLOWS:

I 21 WORK "I I.R

1254u' 296 0 0 112

Figue GLPs utpu ofBOTINV for problem Ia.
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Power radiation patterns
Horizontal plane ( = 00)

TOTAL POWER(081 - -2.21

POWER(DBI)
P4l1 T4ETA

000 O•: -205.70 -76o398:8 4:8 :186+:81 ?6:o
6-75 4q

0•0 12•0 :204•89 -74:83
00 16 -202.30 "73.36o2o'° oo -199.24 -7o.34
:0 40 -19641 66e4?00 200 -194•07 62*73

0.0 329G -192Z•9 -59.47
0: 36,0 -191012 :56:79

40e0 -190*63 54.74

8:8 44.o :190.96 ,119
0. 4 0 -192o37 

5 7.9:8 55W :|0:NI t:111
0•0 60•0 "220*7) :6115SS
0,0 64.0 -1 6,45 57•89

::49 17• "44:6
0:0 76,c -191,934 5
0:0 80:0 -19339
0.0 88.0 140 Is 90 ,"o~o 05o098 : 7:15+
0.0 92.C 098 :37540.0 96.0

• -193N9 -39 •498 :o0 H800. -],.07 ""4' a
0 2,0 -193.21 -49:18:8 8:8 -6

0.0 128.0 -195.33 -5360
-1 5*1 -53 60

*8:8 M1~: :j9:6 5 3100 4 ,0 1912 -56o 9
0 0 148.0 -192.29 -59.4?0.0 132.0 -19407 62.53
0,0 1560 -196.41 6:4700-10099, 24 -,34

'41 0:8 16A:8 :18j:18 "3
0:0 O, 172:0 -206405 -?5o48

0.0 176.0 -206001 -76.04
0.0 180.0 -205.70 -76.39

.). 11P71-0441 .J6

Figure 7b. Pald output of BOTRA for problem Is.
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POWER8Os
PHI THETA ;

18000 0.0 -203.64 -76.39

1,11O00 1200 -203*01 -726

1000 1690 -202.73 -70.91
-1: 2. 202.42 -69.1?4o8 ~ : 20 3 -67.

1P00 20.0 -202000 -65.30
1800 32,0 202.17 -63.25J88:8 38:0° 202*0,3 -1

40, :20408 -59,4I18:8 44:8 :285:6.o :161a480 20505 ft,
18:8 52.0 -184:J7 -59 z

0 5600 - 22,0 -620R,
198:3 60*0 -o02 A, :7*4
180.0 6R.O -211.41 -54o57
180.0 72.0 -219.13 -50002
180.0 76*0 -?C7.31 -46.95
180.0 1000 -204.91 -44.85
18000 04.0 -2C6.36 -43 Horizontal plane
180.0 886o -214.59 -42. (€= 1800)I 8S 9:0 214e59 -42*881888 96o,O) 206036 -43952
180.3 100.0 -204.1 -44085
180.0 104.0 - 07.31 -4605
180.0 108C -219.13 -50.02t
18000 112.0 -211.41 -54.57
160.0 11,o -2C4*79 -62,41
180.0 1?0C -202.71 -74e42

180:0 HS:0 -W 89
-N120 205.85 -58.36

1360 :205960 -58.63
18000 140.0 -204,08 -59.70
180.0 144.0 -202.83 -61.31
180.0 146.0 -2C2.17 -63.25
180.0 152.0 -202.00 -65.30
18000 156.0 202.13 -67
1S. 160.0 -202 142 -69.1
118:8 1 '6 0 . -202.73

168C -203.01 ;76
180.0 172.0 -203.24 -74.58
180.0 176.0 -203.44 -75.95
180.0 180.0 -203.64 -76939

Figure 7b. Partial output of BOTRA for problem Is. (continued)
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. .. . . . - . • ,- . -,. - .- - , .... - -- : ... , :,i-  ,+-

S

POWERO(OS

P14 THETA 0

0.0 90.0 -315.69 -37.494:8 98:8 :o2.:.3 -:.;:4,
a 91968 2 -749

11:8 9:. :igz:6d:39 9 "-37.56000 9)000 -1905 -37e54
400 9000 -1068,7 -37*56

ll:S 98:8 :10:41 -3'52 9 86 337:62

j8:8 98:S :: :3;:g
44.0 90.0 -183*86 -37.73
48.0 00.0 -183.22 -37.77
521Q 90.0 -182.66 -37.82
56.0 90.0 ,8 .17 -37.86
60:0 90.C -101.74 -37.96
64.0 9000 181.37 -38.05

76.0 90.0 -180.56 -38.47
80.0 90.0 180.38 -38.68
4:0 920 80, j -38,94 Roll plane

a-0 9. :120MI -39:24 (o 9oo)
92.0 90.0 -180.11 -39.60
9600 90.0 -180010 -40.02
000 90.0180 14 -40:704,0 80 -1802 -41,0'

90.0 -45.44

RO 98:8 :1 8:00 -2546.0

I 2:8 98:8 :18045 :43.:.0 9181035 -437

114:0o 9,o9o -81.36 -44.-,2
1560 9000 - 8176 -44544

0 9000 -182 ?-46:01

490,0 -184,17 ,11ol

"+.'160.0 90.0 -6.8-44.06"9J41:8 8:8 :If5:8 jt

5.00 90.0 -317.80 -42.0

+ & ? "; ; p711"041-I04

+*i + ;Figure 7b. Partial output of BOTRA for problem 1.. (continued)
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POWER(DOll

PHI TMETA 0 6

0.0 -9000 -318.94 -42.80

8: 9-,c ::8::-,

o -18.456
3200 -900-18417 :41:11

1,0 -900C e04

40.0 -98.0 -1.3:42 -46@36
44.0 -90.0 "1820a -46.33
48.0 -90.0 -182.23 -46.0152 0 -9060 ?8o6 .-4504456:0 -900 181036 -4472

6000 -90.C 180 3 -43*92
64.0 -90.0 1495 -43s13
6800 -9000 -180052 -42.37
7200 -90.0 -180.35 -41.68?6 0 :90o0 :g4.j0 Rol plans8000 -90*0 -- 40*,4O 0=-O °

88:8 :98:8 :18.8:I1 3 ,-o
92.0 -90.0 180J -39 24
96.0 -90.0 so 038:94
100.0 -9000 -180038 -38.68
104.0 -90.0 -180 6 -38.47
108.0 "000 180.78 -36.30
112.0 -9000 -161005 -38.16t0.o :98:8 :1 :0:8
12400 -90.0 -182.17 -370s
1200 -90.0 -182.66 -37082
132.0 -90.0 -183 .2 -3T7
13609000 1 3 836 3
1400 -90.0 18458 -3o69
144.0 -90 0 185s40 -37.65

14 :8 :38:8 :1$4
1560 -90.0 10-375. 6090 -9000 :1400213?

164.0 :900 1201 -37.52
-90 194.61 -3705+"+,17,0 98 981 =749
-076 0 98.

180.0 -90.0 312.13 -37.48 e-o,.,o

Figure 7b. Partial output of BOTRA for problem Ia. (concludcl)
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Plot of currents along BOT

T-DIRECTED CURRENTS ON TRIANGLE FUNCTION 1

* MAGNITUDE * PHASE
2?E-03 I4I WOO

766E-03 0 16

?44F-03 1 
1441

?0: E-03 I

.410E-03 I 71:.:53981:83 1 1 54*0
.498E-03 1 1 6.
o45?1-03 1 1 312O
0416E'03 1 1 oo
374i-03 I I -18.0

.333E-03 I 1 -36.0
*29ZE-03 1 * 1 "54.0
:is51--03 I ,•.4, + 4•. • . 4• •4,4 4: 1[ -0"2"0

E-03 I 1
*16qFr43 1 -108.0
.128E-03 1 -260Offi-04 1 1 : 144o©145E-04 11 162:0
*443F-05 I I-18000

-----.Qmm,----. -- •---m ------ •----mm--Io, m m. mmmm .m lm .D

I I I I I
-l0C -o5C 0. .50 .o

ZIL

Z-DIRECTED CURRFNTs flN TRIANGLE FUNCTION 1
* NAGNIT)DE 4 PHASE

.309E-03 I * 1 180.0

.294E-03 I 1 * 162.0
2?9E-03 I 4 *4

o263E-03 I4 2C
.247E-03 + I t
9232E-03 I 444 4940

1:03 * 4 4 ?o,:f.011-03 1 +. 1 54,0
" 1.:OE

oJ4-03 -• I-690 E4E0 I I
0-0 1 1*44*90

E-04 I4 1
0464~~E-04 I . * ** -20

,39-4I * I -162o0
'14 I 0

o68E-161 -180.0

"1.0 "o0 O0 050 leo

Fipm 7.. Prtte output of 0TRA for problem l. (snedlmued)
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2.6.2 Problem lb

Compute the monostatic (backscatter) cross sections at 10 HUz for the

following received and transmitted polarizations 66, *,, oe, and 0@ in the
horizontal ($ - 0) and roll (0 - 90) planes for the cylinder configuration

used in problem la. For this part of the problem, assume that there is no

aperture on the cylinder. Compute the cross sections at 46(NT) equi-

spaced angles.

Solution - Since the basic body configuration was not altered, the results

from BOTZSS and hence BOTINV in problem la are used. The cross sections were

obtained from BOTSCM. Figure 8 depicts the input data to execute BOTSCM.

Partial listings of the output from BOTSCM including the scattering cross

sections are given in Figure 9.

2
11 H 2094 397' 00 9800 Priay

_g:fjf _1:119 4.5621 5.9667 6.01 4*'9tj 4: 2.4706 -000 -2449I
*4; f.2 1 9 3 1 1 12.4667 120600 12e447I data set

6

00 90. 0} Scattering angles

Figure 8. input data for execution of BOTSCM for problem lb.
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NOT NIAND %tMODE Mv

_1:1191 _4:58J4 _1:~24906 ttf_194 4:U 2?9 0.0000 -2.4796

11:1210 9:101 1:89?9 4: 30 6:41f 6:9991 l:Si12.466? 12.9600 12.466?

HALF-LENGTH OF BOT a 41.4000

NUMBER OF FIXED ANGLES a 2I

NUMSER OF ANGLES PER FTWED ANGLE a 46

FIXED ANCLE CODE('041 FIXED - lo THETA FIXED at)

984:8 1

Me -3 He -3

9*311F-04 -.4?010971-03 .68244766-04 -.5931252f-03

me -2 no -3

v
-*7?S694E-04 .11')44601 -04 -95SM5230-4 .2733'.911-04

.0818303E-04 *12?9036E-@4 *6279109E-04 -@26567026-04

Figure 9s. Partial outpu of SOTSCM for problem lb.
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Monostatic scattering cross section

Horizontal plane (to OP)

MOND-STATIC RCS(OB)
PHI THETA of e of e

0*0 00 -3.38 -3.38 -IS036 -190038

6Q0 -4* 1 3 -150:6 -1 6

. -.566 -3,41 147&
0 1200 -2.54 ::1 :14:50 1.*0 14& -4 454 3

16.0 -3*54 :1:41 :149:19 -141* 9
18,09 -2.84 -32 -147,24 -147, 41*0o -o.,,2* -,.01 -,,,.oo 14:|

Q0 22*0 -2.69 -1057 -142.66 4I

0 28, -6.20 -e63 -138.36 - 336
30.0 -7.90 -*05 -137.54 -137.54

0 32.0 -8.87 .35 -137.10 -137.10S 34., -17.06 -1 7.063 6 Jj:0 .42 :1 1!4 6:43 0- 9 :57 -3-1 38a37
40.8 -168 :60 -39 849a 42,0 -16908 -1o86 -141.99 -141:99

80 44.0 -23.09 -3.32 -144.94 -144.94
46.0 -19.29 -:15 -148.75 148.754,. 0!. :16'1 4" :52:6 : 5 :*S

540. -13.49 6.9 -1483 -4
S 56.9 ::1 -13.07 146.35

58.0 -9.31 -144:56 a4 is
Q.Q 6~.Q 3:33 -7.14 -43.60 -136

0.0 6S0 -3.08 -6.32 -143.52 3o
0 64.0 -43C -6.78 -144.4w -144,42

so 660 - :e:41 -14, 83

6P@ 15.19 -9a4,99
06,0

76,0 -1 ,2a -1391 tq
0:2 2: 1 v

P4* 6* 9 2.88 492~06, 8,7 ,74
:0 4010 I$118. 1:0t ill .II

Figure Ob. Partil output of BOTSCM for problem lb.
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Monostatic scattering cross section
Roll plane (0 = 900)

NONO-STATTC QCSIDGI

PHI THFTA IN of of

00 90.0 10.77 7.77 -271.84 -71.49

so0 900 Ns8.78 .781

80 00 0.78 7.78 -1 96.& -1 96.u
it 10.789 079 97*69 -19069

I 0.78 7.78 -195.98 -1098
0.7 7079 -196.82 -196.82

80.1 90 10.78 7.77 9199.19
4.8 9000 1 09 7.77 -20.80 -B

iI:S VSSl. . z.o -.,

1078 7.77 -199.1 -95

4.0 90.0 10.79 778 -196.98 - 96.2760:0 9000 10.79 7.79 -196.82 - 96082
6 900 10.79 7.79 -202e :-90 1
160 10.7 9 77 -19.9 9210Z.O 90 10.79 79 -00,
?60 7.77 0102:7 - 196.;
so:0 9:0 107 7 78 -:1:74 -99 4
84. 9,1©78 77 ? -398019 -981

9 90 0: 77 s a I I-20680 0
'90001 IN 18018 707 a -98019 18

98. 9- .7 -196 21e 0.79 78
S 9 79 7 79 -20112,0 900 1,079 7,79 - :2190-1,7

• 9 000 10079 ?:?9 -021 -2.11

991178 7.78 -195.58 -195.360 9 077 - 9702- .

-10 9¢.G 10?7 7? - 1 ,0"127

907 7,9 -98:4 -104
IM 6 0 90.0 907 70-01 -96g*l

16000: 9001 9 709 -2 90 -7o 9

Figwl rs Partia output of BoTrSCM for probem 1b6f ?
10 9 1 17



2.6.3 Problem ic

Consider the cylinder in problem la with a passive aperture subtending

an angle of 450 and extending from -27.9 < Z < 27.9 m along the length of the

BOT. Let the edges of the aperture parallel to the z-axis be defined by the

coordinates YO - 4.5822, XO - 11.062, and Yl - -0.001, Xl - 12.95. (Let NP =

17 and TMODE - 4.)

a) Calculate the bistatic cross sections when a TM (8-polarized) wave

illuminates the body broadside (6 - 90*). Repeat the analysis for a

TE (S-polarized) wave. For this calculation, assume that the body

does not have an aperture.

b) Calculate the electric and magnetic fields penetrating the aperture

when the body is again illuminated broadside with a 10 NHz TM or TE

wave, along a line bisecting the aperture (i.e., the incident angles

for the wave are 0, = goo, $i = 22.5*). Sample the fields at the

following points, measured in meters, within the cylinder along a

line bisecting the aperture:

ZTEST YTEST XTEST

0.0 0.248 7.0787

0.0 0.7439 8.276

0.0 1.2399 9.4734

0.0 1.7359 10.6707

0.0 2.4798 12.4667

and at the following points outside the aperture:

0.0 0.0 14.2560

0.0 0.0 19.44

0.0 0.0 71.28

-. 0.0 0.0 150

0.0 0.0 300

Solution - The solution to the two parts of problem lc was obtained by

running BOTSCB, using BOTINV output from problem la as the input. In this

analysis, the aperture was intercepted by two triangle functions. (For

larger aperture angles, more triangle functions fall within the aperture

38



opening.) Figures 10 and 11 depict the coordinate file and partial listings

of the inputs and outputs of BOTSCB. The bistatic scattering cross section

for the apertureless body and the corresponding currents (partial listing)

for 0 and *-polarized incident waves are given in Figures llb and 11c,

respectively. These outputs constitute the solution of the first part of

problem Ic. The solution of the second part of the problem, involving the

cylinder with the passive aperture, is sumarized in Figure lld.

12 .22943976.00
0 90 ? 09 4.5621 5.9667 6*4600 5S7 .524 2.47?98 -0000 -2o4 19 Pri nary

7 -? .- 0 , -5096? -4.562 -2.429 SOT Q ..000 493 .99 124667 129600 124667t:4996 T :9-- 4.oo :881 6.410 : 99
1:172 1 :0951 9 4. 1. 933 data set
• 4P6 1205300 93,oo000
220 o000 } Scattering angles and incident field

0900A 27.9000 4,5622 11.0620 -. 0010 12.9590 -Aperture

.00 4 7.10.999 3 6.2760/I

.999 129 9.4734?. ju 1.7 10. 67
.O08 H:466 Near-field points

0 8:0 2560

W1S46I-O1.3

Figure 10. Input data for execution of BOTSCB for probem le.

I
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NPT NRANO NNOOE NP PC GK
20 1'. 4 1? 50 *209439?E+00

YM

1t:.S211 *:8 1U :8881 t:2S~j 1:211 1:8i8i 12.4667 12.9600 12.4667

HALF-LENCTH OF S9T * 41.4000

MNBER OF FIXED ANGLES 2

NUPIER OF ANGLES PER FIXED AN4GLE a 46

FIXED A4GIE CflDEIPI4I FIXED a * DT4ETA FIXED w2)

22.51
90.0 2

He -3 Me -3

,907011E1-04 -947010S7!-03 .69244761-04 -e5931252F-C3

No -2 Me -3

-7976504E-04 .11064601-04 -.5825230E-04 .2733491E-04

Me -1 me -3

T
06618333E-04 *12790361-04 .6279109E-04 -.2656702E-04

He 0 Ne -3

T-, 107984SE-03 -.32635 54E-04 -@697044 26-04 *2862848E-04

Figure la. Partimi output of BOTSCB for problem le.
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SI1-STATIC ICS(DS). I'CIDENTPHK * 22.5 TB4FTA a 90.0
I THETA O of60 1(For aperturoless body)
5 0. .45 -10.65 -17.62 -1319

:1~7 3b-I.

91 6: 1 1

1 3

~I: 1~3 :4 MI 0. ? -1 t.4

111 14.0 -S -1
2?~4 It 1.

.,-10:0 E6 I: :1 9

:5 4::9 41 :1 I 114

:111 -16 ;U :16:11O
s 4,3 : 24~ $A

1  
3 9

*~ 662: So 4..3 :16: 1

*,- 4 : 1:1
-. . . . .- 4

1 16 - 71
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S4I-STATC ICSI0SV. IHCIOMW PHI a 22.5 TI4SIA 0 90.0
PHI TH4ETA of SISI (orasperturelessbody)

9:2 -152.4 -152.61

11 .770 6:0 -613

979 7.7

18:9 :

Oi 8:8 1 :0 11:8

9C. 10.1.1 14.9 -4:1RIpln(=O

100. 900 10 ONS~ :11:29 :1111;
90. 9.2 X 116 -164 -13.2

44. 90. 7.3 -14.3 1

1.0.3 9.0 :6 1Z:I :14 :;4
5938 1.08 9 7.2 -171 -1

43:1
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Plot of currents along BOT for
0-polarized incident field

T-DIRECTED CURRENTS ON TRIANGLE FUNCTION I

* MAGNITUDE 4 PHASE

. 51 -03 1 18000.429 "03 I * . 6 ieO
e406E-031 * * 144.0
*384E-03 + +

:39:31 + 90.
316E -03 1 4 * 1 72.0

.293E-03 I + 1 54.0
:271E:83 I . + I It:
.48E 6 3 1+I -i:o,2165.-031
:2Q3E-03 1*4**
o1960-03 , 4. * I0+ -360C
135E-03 1"4 + -7+ 290

*113E-03 1 * *•*• "10 -9000

:9j I8 -m 0-s mcmI~8

1 E-0 I1 -16000

-1.0 -. 50 06 050 100

Z-DIRECTED CURRF4TS ON TRIANGLE FUNCTION 1

M NAGNITUDE * PHASE

l7B E-02 I I 18000
0174-02 I 4.4.4.. .... ...... I 162.C
.169F-02 I + 4' 44"4"4" 44444, 444 I 144:0
.165E-02 I 1 126.0
0161E-02 I I 10800
*156E-02 I I 90.0
:152E-02 1 1 72.0
•147E-02 1 , * I 54.0

:1 1 • • I I:8
.134e-02 1 1 0.0
*130 -02 1 * * * * I -18,.0125E-02*+. . E-02 1 •*!:46:4
0112E-02 1 * * * - 0:-l,10E02** ::
.18 93 1 :1Pj:8
e901E-03 I 4-1600

-1.0 °.50 0 .50 1.O

Figure lb. Partial output of BOTSCB for problem 1c. (concluded)
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Plot of currents along BOT for

0-polarized incident field

T-DIRECTED CIJRRENTS ON TRIANGLE FUNCTION 1

0 MAGNITUDE + PHASE

-- - -- - - - - ------ ec g ee e~a- ------ g

01350-0i 1 180o0
*134E-02 I 1 16200
9133E-02 1 * 4 144.0
*133E-02 1 1 4 1 126.0
*13Z1 -%j82 1.*
6130E-02 * •F2
149E *2 • 54:

*128E-02 I I 1 0
*127E-02 I I
9126E-02 1 • -:8

0123E-02 1- 90
:111E--021 I+++*................. I 540.

9120E-02 1 1+ -94.0

*119E-02 1 1 -142.0
*119E-02 I : 18000

I I 1 0-1.0 -,5 0. . : I|

Z-DIRECTED CUIRRENTS 4 TRIANGLE FUNCTICN 1

* IMAGNITLJDE ....... * PHASE
.a, --miul i, -n I-a •.mm -D,•wimw . *nI•-a. e e -. i • -" . -- em

.3flE-&a3 1 • 44 44 4 4 4 * *r 1600
0305E-03 I 1 • 1620
02 4 -03 1 * * 144.0
.272E'-03 I * • * 126.0
9256F-03 1I +*0.
o244E-03 I + 1 1• * 90.0
*224F-03 I 1 72.0
9209E-03 I I 54o0:1921-03 1 + + + i'' 3 6 . 0

,., - -E 03 1I86

.oZSE-03 I "3600
44F2-03 I + :

• 101E-03 I • • .6
*

,8 1S4 -049

211.-84 1 +..+

oI 8 1 :10:8
:31: I 1:.

*13 9E-1 I

-100 -,50 00 .50 1.0
Z/L

Figure tic. Partial output of BOTSCS for problem le. (oonclued)
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AIRTURI ANALYSIS

-275000 275OOC 43022 11!862 -36 1 o 1A590 Aperture coordinates

LT VLOW V'404 IT
1 9,0021 2052"l -1
4 2e52 4 2:014 1

LT IT FPP FPPp

*12OIG .3756 # 0 .1250f. 375 O

-.55-03 -,0 061:: -0:S-.,171-"01 ::1

V AZ
:it *: . 6" -6 -. o5J-,:o,121:1. ::490661:16 y

S 1 1 -6 - 3 ? -1994 6 a Aperture

-16.1 - admittance

yA4:1611M:81 -0o,-416818 :M 31-8131Yzz

Figure lid. Partial output of BOTSCB for problem lc.
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2.6.4 Problem 2

Consider an asymmetric wing section of 2.76 X length, depicted subse-

quently in Figure 17, with coordinates specified in Figure 12. Use NP - 17

points to describe the body and let NMODE - 4. Compute the 0-polarized

radiation patterns for a t-polarized axial slot antenna of 2.06 X length and

0.125 X width, centered about Z - 0, X - 28.796, and Y - 26.085. (The loca-

tion of this slot corresponds to the eighth triangle function and is denoted

as antenna A in Figure 17.) Carry out the analysis at 10 M z.

Solution - The coordinates for the wing section are input by the user. Then

the following sequence of codes are run: BOTZSS, BOTIIV, and BOTRA. The

input data for execution of these programs are given in Figure 12. The par-

tial outputs from these programs are shown in Figures 13-15. The power

radiation patterns are summarized in Figure 16. These results are plotted in

Figure 17 for antenna location A, as well as locations B and C. (The latter

two patterns are obtained if the aperture coincides with the first and sixth

triangle functions in Figure 13, respectively.)

7117f-01
i 1s071o 33.3539 Iz0955 533C593 32.6155 31.PGS S 30.709S 26.0533 5.7563 'Primary

t 085.1 z4.,e5 2u.e470 za o634724 OzSo024.iiaT76 z600'0 BO6. 007960 .;161: 6 7.2 ? 6106. il26.2926145.799 265,29971S4,qo02165o2e97 B

3~.~167 ,6.2916100 7961 0872976 67.7971 4 20965 267960 data set

.90.0 -O - Radiation angles

0,O 0000 Slot antenna

0 No near-field points

Figure 12. Input data for execution of BOTZSS, BOTINV. and BOTRA for problem 2.
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"PT N&ANO NODE NP S
to 14 4 1? .2ohT-@1

YH'il:llll: ?llll llI:I~ll l:ll ~II:II lI 10.Z9lo..o ...99?
HIM5 11:142 6. :161079 1:9q610 67,80?1 HAI 16:Be6

BODY COORDINATES.* INDICATES TRIANGLE PEAK

64.at

~i,

' Y. ' x

4A
704

YN I IN 1f. II i

590 999"0 91.197? 122.3965 193.5994 104.6002

14ALF-LING71N OF IOT 4330.5716 e-.i.

Figure 13. Pbrtial output of BOTZSS for problem 2.
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W911 1118 WHO--'-.~-.. WH R.-il 1111-11 20-709 26.6916.'..7 -

*ALP-LIUGSWW OF 0?*~ OS1

WaUste OF PINED ANGLES .
NURSED 0P ANGLES M6 01160 ANGLE - 4

'30 ANSLO COOEIPIG FIRED M t T46A PIKED .1

NIMGOf $9LOT ANTENNAS - I

A"TENN 40. IS to it to INC laic
1 a -322.,z2" 32.9290 1.0000 0.0000 1.0000 0.0000

.383409&E-04 -.25S7736s-02 *3599MGE-04 -.ZS12OOSE-02

T-INCIAIION

0. 0 0 0. 0. 0. 0. 0. V

Z-SICKTAIION
0.0. 0. 0. 0. v

0.: 0. 0.: 0. 0.

1-I ICIIATUON

0: D: so ,.vt3

8:go3: : 3:-3. . G

PMIUI N CUsesNT NOOSS 03291-03S CONPULATIVE 90USD * 3296-03 poe-s

Figure, M5 Partial output of SOTRA for problem 2.
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TOTAL POWERIOB) * -5.17

POWER(Db)
PHI T'eTA NS

0.0 90.0 -235.40 -75.99
4:8 08:8 :13.2 -76.05a 93015 -76.13

20.0 90.0 :2 4S24.0 o.o 2:726.0 90.0 27091 -76077
32.0 90.0 -219.81 -76.97

36.0 90.0 -216.83 "77:2j
40.0 90,0 -217.96 .:77.4
44.0 90.0 -21701 -77.78
46.0 00.0 -216.49 -78.11
52:0 -88 215.8B? :;:48Pwrrdaio~en
560 0 9 2. 8 8 Power riation ptterns
60.0 00.0 -214004 -79.26
64.0 9C.0 -214.43 -79*66
66.3 90.0 :.4.37 -60.0o2
72.0 90.0 13*78 -80.33
76.0 9c.0 13.54 -80.5480.0 90:0 -213.36 -80.63 Roll plne({-90O)
84.0 98:C :213.24 -R0o9
68.0 90.0 213.10 -80.42
92.0 90.0 213.1R -804
96,0 90,C 213.23 -79.7?

q 13.52 "78.
1C8,0 C -213 -78.48
112.0 QOC -214.04 -78.06
116.0 90,0 -214.40 -77.67

1 0: C.0 -214.82900 :215*30 :6:

128.0 90.0 215:.5 -76.70

36.0 90.0 7.1 "76.
400 90.0 -217.97 -76.07

144.0 90.c -218.86 -75.92
140.) 9C.C -219.7756
152.0 9G,0 -221.01 -75 71

'.:0 :; -5.64
.64: 90:0 25.75 -75.56

9 o90.0
6,3 @0,0 -235.65 -75.53

160.0 90.0 -240.70 -75,54

Figure 16a. Partial output of BOTRA for Problem 2.
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PHI THETA 0

0.0 -9Co0 -240.20 -75.54

9.:8 :11f:1
1Zo: :90,0 :818:14 75 64
6-2.6 11 -7?20
08 :9000 -224o18 -7574o0 "90*9 -222:60 -75*86
2440 -90 -21.25 -7.59631o0 9-'' 2 0909 -76*0936:8 -,,0*o -219.06 -76.24

4,* -90,0 -216,16 -76 o41
44e0 "Q0:c -17035 :76*61
48.0 -90.0 -216.63 -76.63
'52.0 -900 -215.99 -77.08
58:0 -90*0 "215,42 :77:3460o0 -9o0 -2)14993 _To61
64,0 -90*G -2)14,49 -7098
68.0 -o0° :4:12 :7.14
72.0 90 3 27,37 Roll plane
76.0 -90.C -213057 -78.57 (0.-900)
80.0 -900 -213.36 -78.70
84.0 -900. -213o25 -78 77
88.0 -90.0 -213.19 -78.77
92.0 -40.0 -?13. 18 -76.69
96.0 -90.0 -213.23 -78.55.00:0L°' :98:"°' :!13: :8:

108:0. 90 -213.73 -77.
112.0 -QC,( -214.03 -77.60
116.0 -90.C -214.38 -77.34LtO -©.0 -214,60 -77, 0

120,0 -9981oN4 -76, 66

133:3 :98:00 1 :-6-32
140.0 -90.0 -217.97 -76.19
144:0 -90.0 -218,87 -76.08
14.o0 -90.0 -219.8 -76.00
152.0 -90.0 -221.03 -75.94
156.0 -90.0 -Z2.39 -75.91
1600 -90.C -223,1; -7598864:8 :98:04o -S0,0

172.0 -90.0 -230.75 -75.91
176.0 -90.0 -23392 5oN
180.0 -90oC -235.48 -75.9

Figure 16s. Partial output of BOTRA for problem 2. (concluded)
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Plot of currents along BOT

T-DIRECTFD CURRENTS ON TRIANGLE FUNCTION 1

0 MAGNITUDE *PHASE..... ... -'- --"-. ..•- ..----..--- -'e * ae. e--mem -- I- n -

:~fi-1~1 180.0I 162:.510E-02 1I 144.0

4391:8 * 1 1 5400
*4? 8 1 1 36.0

1 18.0
43 1-02 1 I 0.0

9376E-O? 1 Z10
.366E-OZ 1 0I 180
.354 -02 1 *1 -72.0
.341E-02 I -36,
* 66 E-O2 I I -0C
341E-02 1I -1900

*30IE-02 1 1 -144.0
:293E-02 I 1 * * * I-162,(
.290E-02 I * I-180.0

-le -o50 .50 1.0

Z IL

Z-DIRECTED CURRENTS ON TRIANGLE FUNCTION 1

* MAGNITUDE + PHASE

1 E J0 o I *,I I 1iO C
:561E-02 I 1 162.0
:5321-02 I * I 14490
.502E-02 I * 1 126.0
.4?3E-QZ I 1 108.0
o443 E-0Z J •***..4.. 44+4• 1 90.0
,414E-02 1 0 I 72.0
o3841-02 i * 1 1 54.0
.355 -0 I 3 6:8

295E-02 I 1 0.0
o266E02 1 •I -18.0. 036.2 1 -36.

1E I I !i*
:1 -21 +++.....1 -90.00I6

.591 E03 1** * * ** 1 -144.0

.295 o -03 I * * * * I -162.0
o649E-15 I * * * I-180.0

'+I II .I[
-100 -O50 G9 61 0 1

SJ Z/L GP10461+7g

Figure 16b. Partial output of BOTRA for problem 2. (concluded)
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Antenna position B

Position C

II

; -- C

Radiated power calculated for
axial slot (2.06 X long)

0 polarization
GP7S-01-SIl

Figure 17. Computed radiation patterns for wing section.

2.6.5 Problem 3

". nsider a square cylinder with sides 0.3183 X and a length of 2.76 X.

Illuminate the cylinder broadside (0 - 900) with a TM (0-polarized) wave.

Repeat the analysis for a TE (0-polarized) wave.

a) Compute the resulting bistatic cross sections for all polarizations

both in the horizontal ( = 00) plane and the roll (8 - 90') plane

at 46(NT) equi-spaced angles.

b) Compute the magnitude and phase of the currents induced by the TM

and TE illumination.

58

' 'A

* --.i-



Solution - The calculatioms were carried out at 10 MHz (X - 30 m). The body

was represented by 17(MP) coordinate points, and 4(INODE) modes were used.

The coordinate points are such that the corners of the cylinder correspond to

triangle function peaks. This restriction is necessary to obtain proper

accuracy in the calculations. The execution of BOTSEG is shown in Figure 18a

in the time-share mode. Input data to execute BOTZSS, BOTINV, and BOTSCB are

summarized in Figure 18b. Partial listings of the inputs and outputs for

these programs are given in Figures 19-21.

The results for the two parts of this problem are given in Figures 21b

and 21c. Comparison of the bistatic scattering results using the present

analysis with published data is summarized in Figure 15 of Volume I. The

aperture penetration and near-field analysis options were not exercised in

this problem.
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+RNH BOTSEG
? 6 17 (213)
7 0.0 0U
? 0.0 4.7745
7 9.5490 4.7745 (E04

?9.5490 -4.7745}0 U
?0.0 -4.7745
?0.0 0.0

PERIMETER =38.1960

NP - 17.

YH
0.0000 2.3873 4.7745 4.7745 4.7745 4.7745 4.7745 2.3873 0.0000 -2.3873

-4.7745 -4.7745 -4.7745 -4.7745 -4.7745 -2.3873 0.0000

XH 0.0000 0.0000 0.0000 2.3873 4.7745 7.1618 9.5490 9.5490 9.5480 9.5490

9.5480 7.1618 4.7745 2.3873 .0000 0.0000 0.0000

BODY COORDINATES + INDICATES TRIANGLE PEAK

4.7745 1 + + +

2.2281 1 1 I

-.313 1
-.6366 1 '

-.95494 1
-1.272 1

-1.5915 11
1.9098 1
.544 1
.6466 1
3183 1

-35183 1
-. 3.816 1
4.9349 1

-1.2732 1 65I
-4.5945 1

STOP09 1 .00 199 .16 579 .32 959
-2.28 18. Ex1to fSTE o rbe .wt tinl ucmnmee ntepo

-2.54660

-- ,8 4 1.. . * -
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NPT NBAND MANE NP Ct0 11. 1. 1? 50 .20 1.3971E0020 14 4 !'?

":1008 I3 :? S : 07120 2: 17 4: ?4 T :JjS 9*94 9 0 4190 9.04"9 9. 990

HALF-LENGTH O SOT 41.4000

NUNER OF FIXED ANGLES a 2

NUNGER OF ANGLES PER FIXEt ANGLE * 46

FIXED ANGLE CODE(P 4 FIXED * 1 THE&T FIVEOf m2l
0.0 1

90.:0 2

H. -3 No -3

*7169509E-04 -o6033s 1E-03 .6005373E-04 -o6739390E-03

n -2 Ne -3
V-o6336747E-04 .6S89634E-06 -.49207.3E-04 .1956O407|-04

He -1 No -3

a 7044501E-04 #O23080 32E-O4 *497?6ZS6E-04 -o O121170E-04

Reo 0 Ne -3

-0429966E7-04 -*471,3423 104 -.5359391E-04 o 17?? 258-04o-

Figure 2 s. Partial output of BOTSCB for problem 3.
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SI-STATIC tCS1SSI. INCbONT PHI * 0.0 THETA a 90.0

P41 T14ETA e6 o0f o

0.0 0.0 -14. 3l ? -61 -76e6s
0.0 :8 * 6:. 06:.

Oo 1200 7 1416 -530:29 -74e84
8:8 It:s :1.1 :68 ::.,o
000 2400 -007? -4ee -54a ?8 -7,5
0.0 28.0 -9.39 -4.2 -53. M7I
0.0 32.0 -10.70 - -4e15 -5304 -71.15

3. -1). 5

0.0 46.0 -35 '11.44 -64 5
0.0 52.0 -7.99 -,45 .-57086 -74. a-

56.0 -5. -5.69 -55.3 -76. 68:8 60.0'S4 --4.
000 64,0 -;1-6 . L -:' - 097 "79,6

8:8 5: 6 -630 -7.?000 76,0 2,0 t-o~ -57,.20 -76e38
0.0 700 TO 3.62 -55.50 -77.28
0.0 64.0 970 5e.s 05e37 45
0 a 0 Pt 6.94 -65 -9. 8a0,,0 $2,0 10,le 6,09 9:572 -903a
00 6:0 970 5.e' -5737 -3045
0.0 100.0 7.19 3.62 -51.50 -772
0:0 104.0 21. "6 -57.20 -76.38
0.0 100.0 -. 46 -61 -64.38 -77.17
0.0 117.0 -17.37 -10.10 -65.97 -79.65

0 16.0 -5.9 -6.23 -57.9 1
0.0 120.0 :4.06 -4.6 -54.91
0.0 124.O -5.01 -5.61 -55.1£ 76:6
0.0 121*0 -7.99 -@.5 -576 -74.08
0.0 132.0 -13,. -11.44 -64.55 -72*37
0.0 136.0 -23. 12 -9.64 -64.67 -71:42
0.0 140.0 -1e.16 -6.62 -54.11 -71.03
0.0 144.0 -13.15 -4.95 -55.10 -71.0300 ,.o M- -.1 43 -3.6 :;:R
0.0 156.0 -6.79 -4.91 -54.16 -72.55

00 160.0 -6.71 -6.02 -55.25 -73.30
0:0 164*0 9:0; :0 56,67 074 9

0. 120 -11,06 -59:74 -7.4
0:0 176.0 -12.60 -11.05 -60.66 -76*14
0.0 130 0 -14.82 -11.27 -61.35 -76063

Figure 21b. Partial output of BOTSCB for problem 3.
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Plots of current along SOT for
0-polarized incident field.
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Figure 21b. Partial output of BOTSCS for problem 3. (concluded)
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Plots of currents along BOT for

-Ppolarized incident field
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Figure 21c. Partial output of BOTSCB for problem 3. (concluded)
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2.6.6 Problem 4

Determine the field penetration into a fuselage equipment compartment

represented by a BOT, depicted in Figure 22. Assume that the aperture, cen-

tered about Z -0, is 1.656 X in axial length and 0.63 X in width. Let the

illumination of the body be broadside (0 - 90*) at 75 MRz in either 0 or

polarization. Compute the fields at the following points:

Sample Point ZTEST YTEST XTEST

1 0.0 3.8242 -5.0

2 0.0 3.8242 -3.0

3 0.0 3.8242 -1.0

4 0.0 3.8242 +1.0

5 0.0 3.8242 +3.0

6 0.0 3.8242 +5.0

Xai sXs X 6'

03



Solution - The solution was implemented by running BOTZSS, BOTINV, and BOTSCB

in sequence. The parameters NP and NHODE were 33 and 4, respectively. The

necessary input data to execute the above programs are given in Figure 23,

with the partial outputs from BOTZSS, BOTINV, and BOTSCB shown in Figures 24,

25, and 26, respectively. The bistatic scattering cross sections and the

currents on the body with the aperture sealed are shown for 8 and * illumina-

tion in Figures 26b and 26c, respectively. The electric and magnetic field

components inside the body at the various sampling points are summarized in

Figure 26d.

163 .,1570?96E.011:o03 ,:o0 M:118 918 4M I W111 M111 1:1141 ;0g19; Mhlu
?.03z 9 .6f9 ?.W 29 62596 50 3 29 4 .6069 1.66 .0 0 Go* Primary

90 0. 0OT .0".l: .I 1 0I? :1:11 :1199l 52 -4.9 . ":8 6:1 19 -6..91 -l: data set
29 426 Iot 1 090000

11,0•.

4 0 S 1*-}0000 Scattering angles and incident field

313.3121 50420 64194 26064 56695 - Aperture
:8 8 1 24 -3:00008

:8888 1:ll4l -1:138 1 Near-field points

Figure 23. Input data for execution of BOTZSS. BOTINV, and BOTSCB for problem 4.
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Figure 24. Partial output of SOTZS for problem 4.
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Figure 25. Partial output of BOTINV for problem 4.
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Figure 26m. Partial output of BOTSCB for Problem 4.
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Plot of currents along BOT for
/-polarized incident field
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Plots of current along SOT for
*-polarized incident field
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IF WEW or W -l

3. SYSTEMS SECTION: DETAILED PROGRAM DESCRIPTIONS

A detailed description of each main-line MH/BOT program (Figure 1) will

be given, including a description of the flow diagram, subroutine input/out-

put arguments, and the special matrix properties used. A description of the

common variables used in the program, along with storage methods used in

certain arrays, is given in Appendix A. A summary of subroutine calling

programs is contained in Appendix B.

3.1 BOTZSS Program

BOTZSS generates the impedance submatrices Z for modes m,n where m - 0
mn

to M4ODE - 1, n = -m to +m, and Im - ni < NBAND. The impedance matrices are

generated in the lower triangular portion of ZBOT. Symmetry conditions are

then applied in BOTINV in order to fill the entire ZBOT matrix. The struc-

ture of the ZBOT matrix is as follows:

Z-1' -I Z-1, 0  Z-. I

Zo,Z 0 0 Zo, I Generated by

OP79.0481 -107

where each of the Zm,n matrices is comprised of four submatrices as follows:

1m,n m,n 1

Iz t / zz/

, m,n I mn
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Figure 27 shows the flow diagram for BOTZSS. The equation numbers refer

to the theoretical expressions in Volume I.

The computation of the Green's function kernel takes advantage of the

fact that G is symmetric (i.e., G - G n ), where t indicates the trans-m,n Mn t Mn
pose operation. Only the upper triangular portion is stored as indicated in

the appendix; hence, (G ,n)i,j is stored in location

G(i + (J-l)J/2) when i < j

and

G(j + (i-l)i/2) when i > J.

The section that computes the impedance matrix Z uses the following
m,n

symmetries:

ztt (Z tt

m,n t m,n

"Ztz n Zzt
m,n m,n

and

Zzzm M Zzz
m,n t m,n

tt zt tz n
Thus, only the upper triangular portion of each of the Zn, Zmun Z , and
z  needs to be computed. The remaining portion is filled using the
mn
symmetry conditions above.

In Figure 27, (X , Yp) define a point on the BOT, with V being the angle

subtended by the x-axis and the BOT generating curve. The parameter 6 - r/L,

where L is the half-length of the BOT measured along the z-axis and r is the

distance between adjacent (X , Y ) points on the BOT generating curve. Note a

triangle function subtends 2 r.
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Line 440
Read SOT input
data file

Line 575

Plot generating curve Subroutine PLOTS

Line ON0
inmpute body segment peranete

x ly Y cosvl. sinw, r and6

Line 851

P P P

__________ _Line -I (Symmetry conditons applied)

umn(~g) i -1 to MC

F Numerical integration [Equation (29) via Simpson's rule]
of sel termSubroutines CSI MP and FUNC

Compute Green's kernel (Equations (25) - (28)]

imn composed of (Equations (17) - (20))

~ k*See Volume I.

FIgure 27. SOTZSS flow diagram,
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3.2 BOTZSS Subroutines

3.2.1 Subroutine CSI4P

Subroutine CSIMP is a Simpson integration routine with a calling state-

mont

CALL CS1lNP(FA,BDELIINAX,SI1,S,NIER).

This routine computes S -f F(x)dx using the method of successive bisections
A

of the interval until either a relative error of DEL is achieved or IhAX

bisections have been performed. F must be declared external in the calling

program. The following are returned by CSIMP:

S - Approximate value of the integral.

SI1 - Previous approximation to the integral. Convergence has occurred

if
S - Sil <  L '

S< DEL.

N Number of intervals used in computing S.

IER - Error return. IER - 0 indicates that convergence has occurred.

3.2.2 Subroutine PLOTB

Subroutine PLOTB plots the points on the generating curve of the BOT.

Points on the BOT corresponding to triangle function peaks are indicated with

a plus sign. The calling statement is

CALL PLOTB(XY,NNR),

where

X - Array of x coordinates to be plotted

Y - Array of y coordinates to be plotted

N - Number of points to be plotted

NR - Number of line printer rows to use for the y-axis.

The routine uses 51 columns for the x-axis, with the dynamic range on both

the x and y axes equal. Hence, depending upon the type of line printer used,

Ni may have to be adjusted in order to obtain a plot that is not distorted

(i.e., the x and y axes have approximately the same physical length on the

line printer output).
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303 BOTINV Program

BOT~iN fills the Z BT matrix using the output file from BOTZSS and

Inverts this matrix according to the user's specifications. The following

symetries are used to fill Z BT from the partial Z BT matrix generated by

BOTZSS (see Figure 28 f or NMDDE - 4):

-3 -2 -1 0 2 3
m

-3 - -

-in, -n

-2

-n. -M t

___1_ O.0 __ n. m

1Gerwrated t-z3.1)i7
-by

BOTZSS

2

-%tt tU

3
____ ____ ________ t

___43_ __ _ Z'Il
-A 141

Figure 2L. ZSOT utIvrnnindU"b.

90

J ____________________________0__



Main diagonal symmetry (Compute Zn from Z M~)

tt iz t
Zn. Z Zt I(Z )

'm n'm Mtn 1 t mtn

zn,m 4;'m t Mt Mtn

Skew symmetry (Compute Z from Z )

Zfl..5 1  z -n - Z n (Z Mt

z t zz (Z~ )z I Z
-n,-m -nS-M t mtn Mtn

Figure 29 shows the flow diagram f or BOTINV. Three types of Matrix

inversions are allowed in BOTINV: total inversion, main diagonal inversion,

and partial inversion. Each of these options is described next.

Total Inversion - Total inversion is performed when NBAND > 2*NMgDE-1. In

this case, the ZT matrix is stored by columns as follows:

(Ztt ) (n + NMODE-l)*LS 2 *NOEm,n ij*2NoEl

+ (J-l) *(2*Nl4ODE-1)*LS

+ (m + 10IDDE-1) *LS + i)

t tt
(Z ) is stored at (Z + +11K (2NMDE1

itn Mtn

Z ) i stored at (Z) + NM*L*2NOKl

(m,n) i zm,n

ti
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Once the Z atrix is filled, it is inverted using Gaussian elimination

with partial pivoting, and written to disk file by submatrices.

Main Diagonal Inversion - Main diagonal inversion is performed when NBAND L L

In this case, the individual diagonal submatrices are inverted separately

using Gaussian elimination. For m 0 0, the following symmetry is used:

Z tt  Ztz  z (t z m. "

- -aLm.......i's a-rMA
zt z zt zZ2
-m,-m -3,-n jm3 3,3

L L

which Implies that

(Z,)l Y

has the 'same symmetries. Thus, at a given time, only Zn where m 0 to

IIMODE-1 is Inverted. The symmetries are used, and the resulting. (2*NMODE-I).

submatrices are written to disk file.

Partial Inversion - Partial inversion is performed when BAhND<2*NMODE-l, and

NEANI 01. In this case, the ZBOT matrix is filled only with the Zm, n sub-

matrice for which Im-ni < NBAND. The resulting ZBOT matrix has a staircase-

type structure. The rest of the matrix is sparse. If each of the Zzm,n
subatrices are thought of as individual elements, ZBOT can be considered as

a banded matrix. A modified LU decomposition can then be used with all

aritlmetic operations replaced by the corresponding matrix operations. The

result is an L and U matrix which are also of a staircase-type, but are lower

and upper triangular, respectively, when the submatrices are considered as

individual elements. The inverse of ZIOT can then be computed using forward

and backward substitution, again replacing arithmetic operations with matrix

operations. The result is a full inverted ZBOT matrix which is written to

disk file by submatrices,
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The ZBOT matrix is stored by colums, if the individual submatricesZ

are considered as elements. Only the banded portion is stored. When NICDE -

4 and NBAND - 2 (refer to Figure 28), ZOT is stored in the following order:

Z-3,- 3, Z-29- 3 1 Z-39. 2 # Z-2 ,-2 0 Z. 1 -29 Z-2- 1

Each submatrix is stored in LS2 successive locations by columns. For the

example above, Z_2 , 3 would start at index LS
2 + I.

3.4 BOTINV Subroutines

3.4.1 Subroutine LINEQ

Subroutine LINEQ is a standard matrix inversion routine using Gaussian

elimination with partial pivoting, with the following calling statement and

arguments:

CALL LINEQ(LL,C,LR),

where

LL - Order of matrix to be inverted.

C - Array containing the matrix to be inverted, stored by columns. On

output, C contains the inverted matrix.

LR - Array of length LL used as a work space during the pivoting pro-

Cess.

3.4.2 Subroutine LIST

Subroutine LIST prints individual YMn submatrices on the line printer

and writes them to a disk file. The calling statement and arguments follow:

CALL LIST(HN,Z),
• I

where

, - Index m.

N - Index n

Z - Array containing the T mn submtrix, stored by columns.

a 4,9

Afik*.



3.4.3 Subroutine INVBANISubroutine INVBAN is a modification of a standard banded matrix inver-
sion routine using LU decomposition without pivoting, where only the banded

portion is stored by columns. Arithmetic operations were replaced by their

corresponding matrix operations, and indices were multiplied-by LS2 since the

elements were replaced by matrices. The calling statement and arguments

follow:

CALL INVBAN(LS,NWDDE,NBAND,NZ,A,Z,WORK),

where LS, NMODE, and NBAND are described in Appendix A.

INPUT: NZ - Array used for indexing. In a normal banded matrix A,

NZ(I) - NZ(I-1) + (the number of zeroes below the band in

column I-1) + (the number of zeroes above the band in

column I), where NZ(1) - 0. If A has order n, with only

the banded portion stored by columns, then Aij will be

stored in location n(J-l) + i - NZ(J).

A - Array containing the staircase-type matrix to be inverted,

with storage details described above.

Z - Array of length LS2 used as work area.

WORK - Array of length LS used as work area.

In addition, three variables are passed in comon as follows:

COMM N,JK(4) ,LR

where

NM - Number of triangle functions

JK - Work array of length 4

LR - Work array of length LS.

3.4.4 Additional Subroutines

The subroutines MULTS, MULT, REPLACE, and ZERO perform matrix operations

which are documented in the listings.
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3.*5 BOTRA P rogram

BOTRA computes the radiated far and near fields produced by one or more

slot antennas on the BOT (see Section 5 of Volume 1). Figure 30 shows the

flow diagram for BOTRA with equation numbers referenced to Volume I.

The parameters (P * ) define (Z p Y p) in cylindrical coordinates.

Una 400

Line 120

Compute triangle functions
Tt ft and T"

W* p* p

Line 1490

Lin 

L61050

Lindf-i 133

Line 1835

Calculate P0lag aray V n V. [Equations (1) 4) 4)

mn

Figure 30& SOTRA flow diageam
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radiation angles

Calculate mode independent portion of qutin (3M - (41) Without Dn(e) factor
transfer miatrices for #r and Or. using
subroutine PLANE

Line 2170

Calclate Rm(r Grlm [Equation (43))

for 9 and # polarizations

Line 2350

Print power for Orand 69, ~ uto 4

Figure 30. SOTRA flow diagrm (sontinued)
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Line 2427

17 Ust and plot currents Subroutines LPCUR and PLOT

Line 2987

DO 490 ITEST - 1, NTEST (Nat-field analysis)

Line 3037

Step modes

F m -NMO9DE+ I to NMODE - 1

Line 3087

Compute modal current coefficients [Equations (67) and (71)
(for x, y, and z components) for the
electric and magnetic naw-fields
using subroutine NEARS

Line 3107

umn Equations (67) and (71) for the
x, Y; and z components of the

Eelectric and magnetic fields

All
No modes

complete

Yes
Line +3217

Print near-field results [Equations (72) - (74i

Figure 30. SOTRA flow diagram. (concluded)
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3.6 BOTRA Subroutines

3.6.1 Subroutine PLANE

Subroutine PLANE computes the mode independent part of the transfer

matrices given in Equations (34-37) of Volume I. The calling statement and

argument list is given below:

CAIL PLANE(RT,RP,TH,NT,PHI),

where

RT - Array containing the mode independent part of the e polarized
transfer matrices, for NT different angles. See variable RT in

Appendix A for storage details.

RP - Array containing the mode independent part of the $ polarized
transfer matrices, for NT different angles. See variable RP in

Appendix A for storage details.

INPUT: TH - Array containing the NT e angles.
NT - Number of transfer matrices to be calculated, corresponding

to the angles in arrays TH and PHI.

PHI - Array containing the NT $ angles.
In addition, the body parameters are passed to subroutine PLANE in the common

block BODY. The parameters in BODY are described in Appendix A.

3.6.2 Subroutine NEARB

Subroutine NEARB calculates the electric and magnetic modal current

coefficients for the near-field calculations (see Section 6 of Volume I).

The flow diagram for NEARB is shown in Figure 31. The calling statement and

argument list is described below:

CALL NEARB(XTEST,YTEST,ZTEST,ZM),

where

INPUT: XTEST - x coordinate of test point.

YTEST - y coordinate of test point.

ZTEST - z coordinate of test point.

OUTPUT: ZM - Array of modal current coefficients for mode M. Storage

details are given in the appendix.
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In addition, other variables are passed to NEARB in common blocks BODY, TEST,

and INT. These variables are described in Appendix A.

Line 4187 in
BOTRA listing.

Compute Green's kernel column matrices

Gn, H n and Hn  (Equations (66) - (60), (63) - (66)1

une 4557
Compute coefficients multiplying
modal currents for electric and (Equations (87) and (71')
magnetic field for the three
field components.

Figure 31. Subroutine NEARB flow diagram.

3.6.3 Subroutine LPCUR

Subroutine LPCUR lists and plots the BOT currents. The entire array of

t and z directed modal currents is first printed, followed by plots of the t

and z directed currents (magnitude and phase as a function of the normalized

. coordinate) for each triangle function on the body. The calling statement

and argument list follows:

CALL LPCUR(NMODE ,NMCUR),

where all of the input variables are described in Appendix A.

3.6.4 Subroutine PLOT

Subroutine PLOT plots the magnitude and phase of the currents on a given

triangle function. The calling statement is as follows:

CALL PLOT(Yl,Y2),

los

100

- I



where

INPUT: Y1 - Array containing the current magnitude at 41 equally spaced

z coordinates.

Y2 - Array containing the current phase at 41 equally spaced z

coordinates.

3.7 BOTSCM Program

BOTSCM computes scattered far fields in the monostatic mode (see Section

5.2 of Volume I). Figure 32 shows the flow diagram for BOTSCM with equation

numbers referenced to Volume I. All of the subroutines called by BOTSCM are

described in the BOTRA subroutine section. In the flow diagram, all transfer

matrices are computed in one call to PLANE, while in BOTRA and BOTSCM, one

transfer matrix is calculated at a time.

3.8 BOTSCB Program

BOTSCB computes scattered far fields in the bistatic mode, after which

scattered near fields can be calculated with or without an aperture present.

Figure 33 shows the flow diagram for BOTSCB with equation numbers referenced

to Volume I.

3.9 BOTSCB Subroutines

Jubroutines PLANE, NEARB, LPCUR, and PLOT are described in the BOTRA
subroutine section. Subroutine LINEQ is described in the BOTINV subroutine

section.

3.9.1 Subroutine APPAR

Subroutine APPAR calculates the aperture parameters LT, VLOW, VHGH, IT,

and NAM which are described in Appendix A. These variables are returned in

common block S. The calling statement and input parameter list is as follows:

CALL APPAR(XO,YO,Xl,Y1,XH,YH,DH,NP,IEDGE),

where

XO, YO, Xl, Y1 - Described in the user input section (Section 2).

XHI, YH, DH, NP, IEDGE - Described in Appendix A.
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Line 0

Read ST ipu

Line lass 1

Clcute mod inepnent pornto f Eqains(8 -(1

traseyr, atrce foS ah an.ihu

usn uuine PAN D--Vfctr

Prit RCt ore and 9[qaioz5)

Li 1 02
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Line 16700

Flu'. ~~ 3 i. BO.C flodaa. nudd

Do 0

Fi *,en

Ufw14

C 103 m

si'PeRAs.e)yM(qufo 5)
fo W0Poaiain

4'n -ow
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Leae 1010npu

Compute body~ funcioenst amters

vr pr p
Line 1300

Calculat mod. independent portion of incident [Equations (3)-(41)
field transfer matrices using subroutine PLANE wvithout 0NO* factor]

Line 1320

Read m. n. and Ymnfrom dik

Line 1330

9 and:# polarizations

(Equations (10) and 151

Figure 33. BOTSCB flow iagram.

010

* --- ______104____

V



Line 1790

DO 110 Ku 1, Fix 0.and 0.

Una 1790
Calculate mode Indenpendent portion of transfer [Equamn (380 - (41)
n me for 0.and 0. using subroutine PLANE vithoutDn*fatr

Calculate 1; Rm(#5, 011) 1m for99 00, ##,0# and [Equation (51))

Print RCS for*,ad9 [Equation (51)1

Lubiutne 20CU0

Suruie YesU

LUne 2166
Copueadtoa aperture parameters (Arusi nlyis

ubroutine AP1A0
~~1U 213021

Comuteth efec Icurs n thNOTnth
presenc of the aperturebthtean

Line 105
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DO 490 ITEST -1. NTEST (Neor-field analysis)

m -- NMIODE +1I to NMODE -1I

Line 2700
Compute modal current coefficient (for x, y, and zF componients) for the electric and magnetic near- [Equations (67) and (71))

[fields uuing subroutine NEARS

Line 2730
Sum Equations (67) and (71) for the x, y, and z

for without anlapie nietrsnt fEiaeold72s(4)

No modese

Linue 33. 5 yeSsflwdaa.(euue)

3.9.2 Subroutine APULSE
Subroutine APULSE computes the t- and z-directed aperture pulse func-

r tions. The calling statement and argument list Is described below:
CALL APPAR(FPP(l.J),FPPZ(l,J) ,IT(i) ,LT(J) ,VLOW(J) ,VIGB(J),Ds),

where

OUTPUT: FPP(1,J),FPP(2,J),pPP(3,J) - The three t-directed aperture

pulse functions corresponding to aperture triangle func-
tion J7 are returned In these three successive storage
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locations. See variable FPP in the appendix for storage

details.

FPPZ(1,J),FPPZ(2,J),IPPZ(3,J) - The three u-directed aperture

pulse functions corresponding to aperture triangle func-

tion J are returned in these three successive storage

locations.

INPUT: IT(J),LT(J),VLOW(J),VHGH(J) - Aperture parameters corresponding

to the J-th aperture triangle function, as described in

Appendix A.

DR - Array containing BOT segment lengths.

3.9.3 Subroutine ASYMAC

Subroutine ASYMAC computes the equivalent BOT currents in the presence

of an asymmetric aperture (the underlying analysis is given in Section 7 of

Volume I). The flow diagram for ASYMAC is shown in Figure 34. The calling

statement and argument list is described below:

CALL ASYMAC(NMDDE,ZOZ1,Y,CURT,CURP,VT,VP,NM,DH),

where

4 INPUT: NM4DE, ZO, Zl - Described in user input section.
2Y - Work array of length LS used to store the Y sub-

matrices as they are read from disk file.

CURT - Array of modal currents (resulting from a 0-polarized

incident wave) on the BOT without an aperture present.

On returning from ASYMAC, the array CURT will contain the

modal currents on the BOT with the aperture present.

CURP -Array of modal currents (resulting from a *-polarized

incident wave) on the BOT without an aperture present.

On returning from ASYMAC, the array CURP will contain ther
modal currents on the DOT with the aperture present.

" j VT - Work array of length LS.

VP - Work array of length LS.

NM, DH - Described in Appendix A.
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each triangle function subtended by the aperture. [Equation (90)]

Line 8300Rewind YBOT disk fie

Line 
8340

Fnd-f-fin No Calculate aperture
End-f-fie No admittance matrix [Equations (78H)-(0 (88)1

YA terms
yes

Line 8610

Determine equivalent aperture current excitation [Eutos(f)
matrix CA for 0 and 0 polarized incident fields [qai~~(6)

Line 8780

Invert VA matrix Subroutire LINEO

Line 8800

Calculate EV - YA 1 * CA for 0 and* (Equation (89)1
polarized incident fields

Line 8970 Rewind Y80T disk file

Read m, n and rom disk

End-of-file Yes REUR

Line 9040 N
Calculate VVR matrix for60 and*Eto (0)
polarized incident fields[Euto(9)

Line 91 70

Calculate currents on the SOT in the
prosienceof the lperture for both 0and ~ (Equation(191)]
polarized incident fields

Filmw 34. Subroutne, ASYMAC flow dagrm.
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APPENDIX A: DICTIONARY OF COHHON PROGRAM VARIABLES

(Input variables are described in Section 2.3; equation numbers refer

to expressions in Volume I; page numbers refer to Volume II)

ANG - Input array of fixed radiation or scattering angles (p. 8).

BK - Wave number (meters- ).

BKL - BK*L.

CAP - Array containing equivalent aperture currents resulting from a

*-polarized incident wave (Equation (86)]. CAP(J) contains the

t-directed current on the J-th aperture triangle function (i.e.,

Cta ). The z-directed current (i.e., C:p) is stored in CAP(J +
ap a

NAM).

CAT - Array containing equivalent aperture currents resulting from a

e-polarized incident wave [Equation (86)]. See variable CAP for

storage details.

CP(I) - Cosine of * angle for generating curve segment I. (See Figure 5

of Volume I.) Corresponds to cos~q in Equations (38)-(41).

CUR - Array containing modal t- and z-directed currents on the BOT

[Equation (10)]. CUR [(m + NHODE - l)*LS + J] contains the t-

directed current for mode m on triangle function J. The z-

directed current is stored in CUR [(m + NMODE - 1)*LS + J + NM].

Used in BOTRA.

CURP - Array containing modal t- and z-directed currents on the BOT for a

*-polarized incident wave [Equation (10)]. See variable CUR for

storage details. Used in BOTSCB.

CURT - Array containing modal t- and z-directed currents on the BOT for a

0-polarized incident wave [Equation (10)]. See variable CUR for

storage details. Used in BOTSCB.

CV(I) Cosine of V angle for generating curve segment I. (See Figure 5

of Volume I.) [Equation (17)]. CV(J) corresponds to V on
q

segment J.

DELTA - GANMA/L.

DH(I) - Length of generating curve segment I (meters).

DTOR - W/1800.
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ESC - Array containing electric near-field radiation components of 1(rl)

in the x, y, and z directions [Equation (67)], stored in ISC(1-3),

respectively. Used in BOTRA.

ESCP - Array containing electric near-field scattering components result-

ing from a *-polarized incident wave [Equation (67)]. Used in

BOTSCB.

ESCT - Array containing electric near-field scattering components result-

ing from a 8-polarized incident wave [Equation (67)]. Used in

BOTSCB.

EO - Input array for slot antenna excitation [Equation (46)]. (p. 9)

ETA - W vv7 - 376.707 Q.

EVP - Array containing aperture E-fields resulting from a *-polarized

incident wave [Equation (89)]. EVP(J) contains the t-directed

E-field on the J-th aperture triangle function. The z-directed

E-field is stored in EVP(J + NAM). EVP(J) - EVt; EVP(J + HAM) -

z qEV z ."

q
EVT - Array containing aperture E-fields resulting from a e-polarized

incident wave [Equation (89)]. See variable EVP for storage

details.

FPP - Matrix containing the t-directed pulse functions on the aperture,

Fa  with a - t [Equation (80)]. FPP(I - 1 to 3, J) contains thet t adt frteJt

three pulse functions Fj _ l,p' F and F + for the J-th

aperture triangle function.

FPPZ Matrix containing the z-directed pulse functions on the aperture,

F, ith a = z [Equation (80)]. See variable FP for storage
Jq

7details.

; G Array containitg the integrated Green's function kernel G

[Equation (21)]. In BOTZSS, G is symmetric with only the upper

triangular portion stored by columns from index 1 to (NP - 1)*

NP/2. Gij is stored in location G[i + (j - 1)*J/2] when i < J.

GAM A - Half length of a triangle function base (meters).

GP - Array containing the fields for the NT radiation angles [Equation

(43)] to compute *-polarized gain.

OT - Array containing the fields for the NT radiation angles [(Equation

(43)] to compute e-polarized gal .
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HO Array containing the integrated Green's function kernel n(y - 0) [Equation (63)] for the magnetic near fields [Equations

(63)-(66)].

Hi Array containing the integrated Green's function kernel H n(q),

(y - 1) [Equation (63)] for the magnetic near fields [Equations

(63)-(66) ].

HSC - Array containing magnetic near-field radiation components in the

x, y, and z directions [Equation (71)]. HSC - H(r'), used in

BOTRA.

HSCP - Array containing magnetic near-field scattering components result-

ing from a *-polarized incident wave [Equation (71)]. HSCP =

H(r'), used in BOTSCB.

HSCT - Array containing magnetic near-field scattering components result-

ing from a e-polarized incident wave [Equation (71)]. HSCT =

H(r'), used in BOTSCB.

IEDGE - Indicates whether the generating curve is open or closed. lEDGE =

0 for closed and 1 for open.

IPLANE - Input array indicating whether corresponding element of array ANG

is a e or * angle. (p. 8).

IS - Input array for specifying location of slot antennas. [See

Equations (46)-(49).] (p. 9).

IT(K) Indicates whether aperture segment K starts or terminates the

aperture. IT - - 1 for the start, IT = 0 for interior, and

IT - + 1 for termination.

KG - NP-1._ 1.
L - Half length of the BOT (meters).

LS - Order of each Z submatrix. LS NP 3.

LSS - LS*LS

LT(K) - Triangle function peak number for aperture segment K.
- -. - Mode number m.

MC - Input variable. M in Equation (26). (p. 7).

N - ode number n.

NAM -Number of triangle function peaks on the aperture portion of the

generating curve. NAM should be greater than 1, if an aperture

is present.
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NAM2 - NAM*2.

HANG - Input variable. Number of fixed radiation or scattering angles.

(p. 8).

NBAND - Input variable. Number of submatrix diagonal bands used in Zo .

(p. 7).

NM - Number of triangle functions on the BOT generating curve. h -

(NP - 3)/2.

NMODE - Input variable. Number of non-negative modes. (p. 6).

NM2 - Order of each Z submatrix. N2 - NP - 3.
m'n

NM4 - NM*4.

NP - Number of points on the BOT generating curve. (See Section 2.4.)

NPT - Input variable. Number of diagonal bands used in impedance

matrices. (p. 7).

NSA - Number of slot antennas on the BOT.

NT - Input variable. Number of radiation and scattering angles.

(p. 8).

NTEST - Input variable. Number of test points for near-fields. (p. 10).

PHII - 0 angle for the incident wave (degrees). PHII- in Equation

(51).

PHIR(K) - * angle for the radiated fields (degrees). PHIR(K) - r in

Equation (38).

PHIS(K) - * angle for the scattered fields (degrees). PHIS(K) - * in
5

Equation (51).

R(I) - Distance from origin p to generating curve segment I (meters)

[used in Ar in Equations (38)-(41)].

RP Array containing the mode independent portion ofth and Rno

matrices (i.e., with the o term removed), resulting from a *-

polarized incident wave [Equations (40)-(41)]. The order of

storage is

(' n( ) i , i 1 1 to NH) followed by

{(:*o i 1lto NH

N1

RP may contain the transfer matrices for several ( 8, e)
angles. In this case, the starting index is off-set by a multi-

ple of 2*NM.
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tO :0RT Array containing the mode-independent portion of the R and Rz'
n a

matrices (i.e., with the a term removed), resulting from a 0-

polarized incident wave [Equations (38)-(39)]. The order of

storage is

J(Rnt ) i . i- 1 to NM) followed by

Kr )i i= - to NM

s in RP, the starting index may be off-set by a multiple
of 2*NM.

SP(I) Sine of angle for generating curve segment .. (See Figure 5 of

Volume I.) Corresponds to sinoq in Equations (38), (40).
UP - Array containing 00 for the NT scattering angles [Equation (51)].
SPT - Array containing oe for the NT scattering angles [Equation (51)].

STP - Array containing a for the NT scattering angles [Equation (51)].

STT - Array containing o 8 for the NT scattering angles [Equation (51)].

SV(I) - Sine of V angle for generating curve segment I. (See Figure 5 ofP
Volume I.) [Equation (17).] SV(J) corresponds to V on segment J.•q q

T Array containing the values of the triangle functions Tt.

T[(K - 1)*4 + p contains the values of the kth triangle function

over the p-th segment forming it. 1 < p < 4. [Equations (17)-

(20).] (p. 6).

TEXC - Input array indicates t-excitation on slot antenna. (p. 9).

THI - e angle for the incident wave (degrees). THI - e in Equation
i

. u (51).

THR(K) 0 angle for the radiated fields (degrees). THR(K) - e in
r

Equation (43).

THS(K) e angle for the scattered fields (degrees) [Equation (51)].
TP - Array containing the values of T . The storage method is the

p
same as for T [Equations (17)-(20)]. (p. 6)

TZ - Array containing the values of T* The storage method is the
p

same as for T [Equations (17)-(20)].

U - Imaginary number i.

UMN - Array containing values of the umn function [Equation (23)] needed

in numerical integration of the Green's function kernel. [See

I Equation (27).]
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VUGi(I) - Upper "part" width associated with I-th aperture port.

VLOW(I) - Lower "part" width associated with I-th aperture port.

VH - Array of voltages corresponding to mode M. VM(K) contains t-

directed voltages Vti on triangle function K. VM(K + IM) contains

z-directed voltages V i on triangle function K [Equation (11)).

VN - Array of voltages corresponding to mode N. The storage method is

the same as for VM [Equation (11)].

VP - Array containing the equivalent BOT voltages with an aperture

present, resulting from a f-polarized incident wave [Equation

(90)]. VP(J) is Vt and contains the t-directed voltage on themj
BOT triangle function J. The z-directed voltage V is stored in
VP(J + NM).

VT - Array containing the equivalent BOT voltages with an aperture

present, resulting from a 8-polarized incident wave [Equation

(90)]. VT(J) contains the t-directed voltage on the BOT triangle

function J. The z-directed voltage is stored in VT(J + MM).

XO - Starting x coordinate for aperture. (p. 10).

X1 - Ending x coordinate for aperture. (p. 10).

XR - Input array of x coordinates for BOT. (p. 7).

XS(I) - x coordinate for generating curve segment I (meters) [Equation

(28)].

XTEST - Input variable for near-field test point x' in r' [Equations (67),

(71)]. (p. 10).

Y - Array containing the Y submatrix [Equations (43), (51)]. In
mn

the near-field analysis, however, Y contains the measurement

matrix ZM. Y is stored by columns.
m,n

YO - Starting y coordinate for aperture. (p. 10).

Yl - Ending y coordinate for aperture. (p. 10).

YA - Array containing the aperture admittance matrix, stored by colImns

[Equation (88)]. YA is of order NAM.

Yli - Input array of y coordinates for BOT. (p. 7).

YP - Array used as intermediate storage, containing (*5 , *l) 0mn

for a given m, n, and scattering angle [Equation (51)].

.S(I) y coordinate for generating curve segment I (mters) [Equation

(28)1.
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YT - Array used am intermediate storage, containing R'(# *6) Y
u a 8) %.n

for a given m, n, and scattering angle [Equation (51)].

YTIST - Input variable for near-field test point y' in r' [Equations (67),

(71)]. (p. 10).

Z - Array containing the Z*n submatrix [Equations (10), (17)-(20)].

In the program BOTINV, however, Z contains the entire ZBOT

matrix. Zm, n is stored by columns.

ZEXC - Input array (Equation (48)3.

ZK - Ar*ay containing the electric and magnetic modal current coeffi-

cients for near-field calculations [Equations (67), (71)]. ZM

uses the same storage location as the Y matrix, which is of order

LS, stored by columns. Rows 1 through 3 of ZM contain the M-th

modal current coefficients for the electric near-field components

in the x, y, and z, respectively, at the point (XTEST, YTEST,

ZTEST). Similarly, rows 4 through 6 of ZM contain the M-th modal

current coefficients for the magnetic near-field components in

the x, y, and z directions, respectively.

ZTEST - Input variable for near-field test point z' in r' [Equations

(67), (71)]. (p. 10).

ZO - Input. ZO has different definitions in the programs BOTRA and

BOTSCB [Equation (49)]. (p. 10).

Zl - Input. Zl has different definitions in the programs BOTRA and

BOTSCB [Equation (49)]. (p. 10).
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APPENDIX B: SUBROUTINE CALLING PROGRAM (EOTZSS,
BOTINV$ BOTRA, BOTSCK, AND BOTSCS ARE
MAIN PROGRAMS)

Subroutne Calling p -6 m

APPAR BOTSCB
APULSE ASYMAC
ASYMAC 8OTSCB
CSIMP BOTZSS
DSCON SOTRA. BOTSCS. BOTSCM
FUNC CSIMP
INVBAN BOTINV
LINED ASYMAC. SaTINy. I NVSAN
LIST BOTINV. INVBAN
LPCUR SOTRA. OTSCS
MULT INVUAN
MULTS INVBAN
NEARB BOTRA.BOTSCB
PLANE SOTRA. BORSCS. BOTSCM
PLOT LPCUR
PLOTS SOTZSS
REPLACE INVBAN
SINC BOTRA. BOTSCS, BOTSCM
ZERO INVBAN
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